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ABSTRACT 



A Process for creating a planar topography and mhaTi'yd 
step coverage for the fabrication of contact/via boles in 
sub-half-microa diameter range with high heigni vs. dimen- 
sion aspect ratio. This is accomplished by toterrflpttog Che 
deposition of the barrier layer in the contact/via litrfng with 
a progr amme d reactive ion etching process, which will 
protect the tfcto bonier lining in the bottom part of toe 
contact hole, but will etch off ood p)t\xuirl7t iht excessively 
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"pernor layers show a dlsrupt^oluroaar film structure which 
provides better battier during subsequent metal fill deposi- 
tion process* 
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STEP COVERAGE ENHANCEMENT around the top opening of the hole by (he uneven buOdmp 

PROCESS FOR SUB HALF MICRON of the UN film around the top edge of the via opening. 

CONTACT/VIA To circumvent this problem, Shein-Sen M, Wans, in U,S. 

PoL No. 5,187)120 has described a selective chemical vapor 

« ^^m^r^ A ™™,nvmAvT 5 deposition (SCVD) method which preferentially deposits 

BACKGROUND OP THE INVENTION tUftgrftttolheviac^ 

(1) Field of the Invention the oxide exposed surface. This method consists of depos- 
the present invention relates to the fabrication of inic- itinfi a layer of a first phase of titanium nitride or tungsten 

grated circuits and more particularly to a process used to fill nitride by either, which promotes nucleation of tungsten 
contact/via holes of sqb-half-micron in dimension. 10 followed by the deposition of the oxide layer, the wall of the 

(2) Description of Prior Art opening, and an overlay* of a second phase of titanium 

v * ^_ .„ , ; * 15 costly process, it consists of first forminn a TSSL (titanium 

moose perfonnaiKe and lowering the cost .of manu- wtoS^S de^^Sto 

fecttring. The use of suWialf-raicron features allows more f^^tlZ^,^^^^^^^^^^ 

startine sOfcoowcfcr, thirty not only cost of B spcafic „ ^ ^ M^lJdTTtoaS 

enhanced due to reduction m resistance and capacitance. e ^ - ' ^^Ji-Z, «c rim vImI 

However, the use of salFha^mlaon t eaiuxer invariably - ^aaW#«BaHttL AOffi-PftA? JrtflS 

uZIIII ^^S^^S^Mh^ y etching tho via opening and exposing the UN at the bottom 

increases the nek of yield ^ of the opeiu*g/rajn* thermal annealing, and selectively 

la order to form an electrical imercomectnrta for a ^po^no tangflfrm fry thr SflffliMMng'^n hexaflonridonro" 
multilayer semiconaeuta^ w 
filled with metal, such as aluminum or tungsten. The con- .J. iitvbeimii win describe a nroeeas which wfli ellmi 

onb-mieron and tub-half-microo cooactMa holes on „^i^ tl Xuig1ho *uUtftem«fa»« 
account of the unproved eoioW% duua*^ of the 3S ™l£w3t S tnVhote udtbitrt^te 

lowiiressiire chemieal vapor deposited (LPCVD) tungsten. * Mtowttl to ZkT^dlN fihn. 

Id addition, the high o^<^m of taiqstea ft^^totaltHc^onSnto the bottimandfte 

^£X2£SEtt£+!Z^^ low^r of the vk opcoine ™vlnt to the UN film 
nnnum filled contact/Was. However, the LPCVD tungsten f « A fite ft ,i«5fi»™ K,«Jri, i Q ™ A * ***r w*:** 

tenuis to leavcabnrw voider^ 40 ^TiK^^ 

of (be contact/via upon completion of the deposition due to ^TuV^disniptath^ ^c^umw^of the firstlSN 

the nature of the UPCYD procc^e, it fills the via hole ^^SS^^^™^^^ 

buildup c/trTunderlyinB barrier layer around the top edge 4 , sabsc ^ e * ^ 

and along the upper portion of the wall of the via opening, SUMMARY OF THE INVENTION 

thus prevent flow of soorce material to the center and lower . , ..... . , a . 

portion of the via hole during aibseuucDt metal fill deposi- # « « °^*f ^^/^"j 0 ^^ A 1 ? roc ^ £ f 
Son. Furthermore, this buried voUUr seam Jurmed in the ftbrr^g taogsten iUkd contact holes, to be used to 
middle of the contact/via is usually exposed during tho 50 active flM ^ uctar ^ fj^in 
subsequent processing, such as dry etehing^ara. The size ductororoxide substrate, to an overlying metallization, 
of (he team or the void in the tungsten contact becomes It is another object of this invention to provide a uniform 
larger, and creates difficult topography for subsequent met- disrupt-columnar underlying electrically conductive film in 
alllzation coverage Many processes and techniques have the sub-juicron or sub-hatf-rnlcron contact/via openings for 
been developed attempting either to patch-up the void or 5 s ideation of subsequent deposition of metal fills, 
seam or to produce a seamless tungsten contact hole fills. It ia another object of this invention to provide a uniform 
One of the conventional processes used for Tungsten via nucleation unoMYing electrically conductive film in the 
hole fill is by depositing an ttndexlayer of electrically con- Nib-micron Or sub-hatf*m*ron contactrvia openings over a 
ductive Titanium Nitride or Tungsten nitride film which thin metal film, which promotes low resistance contact to th e 
promotes nucleation of Tungsten deposition. One of the w oedertying heavily doped scn^ conductor substrate, 
problems encountered in tho deposition of these titanium It is another object of this invention to deposit this 
nitride or tuosten nitride film by the conventional Plasma underlying film by the conventional plasma deposition pro- 
Vapor Deposition (PVD) in extremely small via openings, cess showing protruding and overhanging of thick barrier 
such as sub-micron contactfrias, where the aspect ratio, to. film around the top edge of the cootact/via opening, and 
ratio of the depth of the contact hole to the diameter openings 65 around tho upper portion of the wall of the opening, 
is large, the thickness of 'fiN film deposited on the bottom It is yet another object of this invention to provide a dry 
of the hole is severely limited duo to the pinch-off effect cich process to remove partially the thick electrically con- 
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Jm^^JS^!? 1 *P HG. 2A showa q cross-sectional view of small 

^f™i^^f?T/^ ^ ncar top of ^ the depositions of the adhesive metal layer 

toe snufl contact hole, but not reduce the thickness of tee and the first metal nitride barrier iaver. 
thm barrier layer at the bottom or around the lower pcitiou 7* oamer layer. , 

of the wall of the small contact hole. € m W ±OW3 a view of the small 

it isstill another object of this irrventlon to provfdeadiy «>«f ^la ate to c^tou of the first metal nitride 
etenprocess to remove selectively the thick oSJofdi " ^ *\ & 33 8h ™ in cross- 

underlying electrically conductive mZmaSSttp* hdcs ^ 

tw of the via hole, without tolm^&ihoh^JtL ^ e ^? i**^ "5S ^ ^^veiy 

adhere intermediate layer of metal uudenicath u^ un^ lft mt]l^le.5tage RIB etching for the removal of the 

lying, electrically conduct CTSI C »^ 

sldou of subsequent barrier layer or via hokmeMhlne ^^f^ ^ ^t 4 ? *£? "hectically iu cross 
lower portion of hole with me^mination of the WocWagctf 8CCtional view of the maU via ote metal filL 
the deposition by the overhang, DBSOUPTIQN OF THE PREFERRED 

It is sell another object of this invention to redepesir the is EMBODIMENTS 
underlying second time, to provide more barrier The method of fabricating and manufacturing a high 
nn^ lathe bottom end around the lower portion of the current carrying metal filled ccntacVviaa of au^micronor 
siio-nucroo or sub^half^crcn via hole against fluorine uibHiaKmicron in diameter will now be described; This 
conoano wtadi is released during the subsequent tungsten invention can be used in MOSPET or CMOS or any hlnh 
deposition i process using tungsten hexaflouride source. 20 density semiconductor devices that are cnrrenrly facing 

H is still another object of this invention to fill small manu&ctured in the semiconductor industry, but only Che 
diamete r. Lc, sob-micron o r eub-half^micron diameter, of specific arensonigue to Understanding this invention will he 
nip aspect rate) contact holes with tungsten or other metals covered in detail 

^tll^SS? ^^W^te and planar topography FJQ- 1 shows aneinhodimentof anopeninsof sub-microo 
y pP0tt58 - 25 * fitt^halteiicron size in diameter, u. that will be tne 

inacccjtlance with die present invention a process is contnet/vto for interconnect which this invention will be 
de^cd to^vidc an iiuproved step coverage method for applied to, A layer of silicon oxide. U is deposited using 
me subjnScron or $ub-ha!f^micron contact/via, by using the either low pressure chemical vapor deposition O^CVDW 
conventional PVD TIN deposition process coupled with 0 atmospheric pressure chemical vapor deposition (APCVD) 
selective reactive etching process which etches off only the so or plasma enhanced chemical vapor deposition processing at 
overhang. ft tonperature between about 400 to 800 dcg. C. to a 

Contact boles ajx; paumed and opened by the photolitho- tnidtaiess between about 500 to 1000 am, The contact/via 
g^pmc process and holes are formed by the reactive ion opening is exposed by patterning over this oxide layer, 12, 
etching in a dielectric layer to an active device region in a the conventional pJ»toUn\ographic procedure. Photo- 

semiwnductor substrate. A layer TOT is deposited using th e 35 rcaist of thickness in the range between 1.0 to 1.4 urn is 
conventional ma nufa rt urfng plasma vapor deposition pro- applied and then case-hardened to withstand the subsequent 
cess. In some instance, where an adhesive TI intermediate dry etching process in order to protect the oxide under the 
layer is required, the Tl film is deposited prior to the photoresist, The sub-micron or sub^ialf-micron hole is 
deposition of the TEN film. A high pressure RIB processing ^BacA by the dry etching technique, such as reactive ion 
procedure is designed to selective etch away the UN over- 40 etching, using CHF„ and Ar as ctchants to a depth in 
liang around (he top of the via opening and the UN film the range of 04 to 1.0 microns, Following this RIB 
around the upper portion of the wall of the opening without procedure, a cleaning process, such as oxygen ashing is used 
deteriorating the wall of the hole or thinning down the UN to remove the residual photoresist, 13, left on the oxide 
m the bottom or around the lower wall of the hole. And in surface, 12. This is followed by a wet cleaning step using 
case of a& intermediate Ti layer j$ used, the special designed * buffered hydrofluoric add pre-dean or Ar sputter dean. This 
R1E process wiU not affect the Ti film. Hie columnar pre-clean procedure does not oetenorate the exposed oxide 
structure of the PVD TiN film invariably provides an easy nor the Si in the via hole. In certain cases, as shown in FIG. 
access path for the fluorine, a by-product of the subsequent 2*» a * adhesion promotional layer, 14, in the range of 15 to 
tungsten deposition process, to attack tho underlying H, via 25 nm is deposited via collimated, rf. sputtering process 
the boundaries between ihe UN colnmjos as in the conven- » The titanium layer, K provides a low resistance contact to 
tional .fabrication process. By depositing a second layer of the heavily doped silicon region, and also serves as a low 
PVD TSN, the aforementioned attack by the fluorine gas can resistance adhesion to the subsequent electrically conductive 
be eliminated or mbimized due to the rnisaligtuncnt of the UN layer. The use of coJlimation for the deposition allows 
columns of this second layer of PVD TW to the columns of fora *ore effective deposition of titanium at the bottom of 
a ^ ^u^^l?^''"^ PVD TIN and resulting the disruption of 55 contact hole, 10. After the Ti layer formed asthelinerin 
the bonndaries running from the surface directly to the the via hole and over the surface oxide, a barrier layer of 
underlying H metal This double PVD TIN fflm deposition collimated TIN layer, IS, shown in FIGS. 2* and 2b having 
m combination with the in-between RIB removal of the A thickness in the range of 30 to 140 ma is deposited using 
overhang on the top of opening, provide reliable protection physical vapor deposition technique. This TEN barrier 
agamstthefluormeattecktothellranffofule « layer, 15, offers protection to the underlying materials during 

to the lower portion of die contact hole. Tungsten metal is Ac subsequent tungsten depositions. During (he tungsten 
ihen deposited using the tungsten hexaflouride and hydrogen deposition process, the by-products resulted from the 
and sllane process. decomposition of source tungsten hexafluoride would attack 

BRIEF DESCRIPTION OP TUB DRAWINGS * c undcriyJll g titanium layer; 14, or silicon, or the oxide, 

ftp, ..-1 , . . . . r 65 ^Aprcdcicrmtoed^prccesfitogst^ 

cteE. *™ of a ^ usingaconibinationof B0 5 ,cluorineandN 2 gase9 widithe 

& respectivo flow rates of 65 to 75 seem, 40 to 50 seem, and 
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20 to 30 eccm at pressures around in the range of 180 to 225 and protrudes oyer the urn of said snb-half-micron 

mTorr, for an etch rata of 5.0 to 6-5 am per second This dry contact hole o&dreductt only the top opening diameter 

etch process is ended when approximately ($0-80% of the of a&ld contact hole, but not the banter layer thickness 

overhang of me underlying film around the top of the at the bottom and around the lower portion of raid 

sub-micron ^ sob-haif-micron via hole opening is etched 5 &ub-ruiIf-micron contact hole, by varying the mixture 

of. and the top opening of the bote I3 no longer restricted by composition of etchant gases and the time of etching; 

the overhang, thus insure uniform coverage of films or depositing a second calHmated barrier layer over the 

metals at the bottom and lower portion of the via holes surface of the unetched portion of said first coDimated 

daring subsequent deposition processes* At me end of this barrier layer around the top portion of the hole and over 

tailored method, the TiN thickness at the bottom of the the unctehed &ald barrier layer on the bottom portion of 

via hole and around low portion of the via hole* s wall shows &ald snb-hal^rrdcron contact hole to create a uniform 

no reduction in thickness, or shows a sUgfit reduction of less barrier layer with disrupted columnar gain* linin g (he 

than 10 percentage of the original thickness, as shown in contact opening and over the surface to prevent metal 

HOS- 3a <& 3£, for holes with and without metal adhesive penetration during subsequent metal contact process- 

undoiayer, respectively. A corivertftonal wet-cleaning stop ing; and 

which does not affect the lining of (he sub-micron or ls depositing a metal flU layer on said uniform barrier layer* 

sub-half-rnicron via hole, is applied to remove any WE forming a metal ping in said small diameter contact 

residue (eft m the via hole. A second ccirirainated TN layer, hole by completely fitting said sub-half-microo contact 

ML of thickness in die range of 30 to 80 am is deposited by hole with said metal till layer, 

the same PVD process. This second layer of TiN evens out % The method of daim X, wherein said first barrier layer 

the total TuNWckness around the bothjra portion of the via 20 is collimated titanium nitride deposited using physical vapor 

holeliunfl-aod nLtiuihcttnmef the via hole wUKihaton the. deposition ptncesfl_(PVn) at, a trjnper/itiire hepneea ahont 

top, as shown in FIGS. 4a and 4&, hence allowing even flow 200 to 400 dag. C to a thickness between 30 to 140 urn. 

of deposition gases for subsequent tungsten deposition and 3* The method of claim 1* wherein aaid first deposited 

providing a planar topography for tungsten filled contact/via bander layer protrudes and overhangs around the top rim and 

with minimum voids or scams in the center of these high 35 die top portion of the hole is planarized Using a muinVstep 

aspect ratio contact/vias. Next the tungsten rill is deposited reactive Jon etching with etchant mixtures composed of 

using low-^rrcs&nre chemical vapor deposition processing at BQ^ and chlorine at a temperature about between 20 and 

a temperature between about 300 to 600 de$ C to 0 200 dag. C under the pressure about 30-300 mtcrx in timed 

trdefrness between aboot 250 to 800 nm using tungsten etched mode. 

hexafluoride and hydrogen and or eiUne mixture, so 4. The method of daim 1, wherein me second Dollimated 

This process, although shown for forming self-aligned to* 1 * ^ tUaainm nitride (T2N), deposited nstagFVD 

tungsten filled contact holes, cc*uiccting overlaying inter* processing, at a temperature between about 200 to 400 deg. 

connect metallization stoictnres to underlying active silicon 9v V acg f B> * anifaEm ' ^atnptBd columnar layer with total 

device regions can also be applied to tungsten structures thickncas "> «w contact hole ranging between 30 to 80 nm 

tilling via holes, used to interconnect two levels of metal- 55 over te »wtaWn* metal adhesion layer and the unetthed 

liaatioas, ***** TtN layer* 

While this invention has been particularly shown and 5 ' 5* rf said underlying 

described with reference to, the preferred enn^odiments ™*^.^ A °* «*«*!*^ 

mereoUtwmbcocdcrsW g£ ^^*^* 0mCO ™* *™ TG3 ^ «* ^ U0 ^ 

me rragomg and other ctian^ « - . M ^ 

made therein without o^artirig 6rm the spirit and Scope of * ™ 0f d ^ m *} wh f Itia sai * 

this invention conttactlvB region on said sernicondnctar substrate is a P 

What is claimed is: type, heavily doped source and drain region of said MOS- 

1. A method for "fabricating MOSFET, and CMOS, M ^^ C ^J W ^S . , fc - A u * 

devices on a swruVonductor substrate using a metal filled 45 7 \ ^* mx * hod ' of *™ B whfl ™ undcrlymg 

contact hole to provide eleetrical contact between an unde* f^f^^^^r,l 

lying cojidnctive region on said semiconductor substrate and Polyaffleon gate structure of said MOSPBT and CMOS 

ZTZ m<im2m * ^ T^nc method of claim 1, wherein aa id dielectric layer is 

providmg said underlying conductive region, on said 50 ^^^^S l^S^ 

e^vi^njnciDr siiSgbratc: process where said chemical vapor deposition process is 

deputing a dtaleariTtayer on aid .ealconducttf f^^' T^f^ * l ° W 

wpuuuug * T^™7 y .J " ,Jrw 7™ vapor deposition (UPCVD), plasma enhanced chemical 

Mtame, Mdndtag depo.utan on s «d undetlyDie vo ^ d^ 2Wall ffECVD) and atmospheric pnp 

aucwve region, 55 ^^jnj^ vapor deposition (APCVD), at a temperature 

arrisotropic ctcWng of said dielectric layer in sub-half- between about 400 to 800 deg. C to tWeJmess in the range 

nucron holes, defined by a photolnliographlc process to 0 f 50Q to ^ m 

form sut>hsif-rnicrOn contact holes to aaid undedying 9. The method of claim 1, wherein said sub^alf-mlcron 

conductive region; contact hole is created using anisotropic reactive ion etching 

depositing a metal adhesion Inyer on top surface of sard eo (MS) processing, using etching mixtures of CBQP 3t CP 4f 

n^lectric layer, on wafis of said sribhaif-micron contact ^ CJP*> 0 2 and N a , with said sob^^mcron contact 

holes and top surfaces of said underlying conductive hole being formed with an opening in the range of 0,25 to 

regions, in said small contact holes; 0.3 micron in diameter, resulting in an aspect ratio between 

depositing a first coUimated barrier layer on said adhesive about 1 to 3. 

layer 6s 10, The method of claim 1, wherein said adhesive layer is 

dry etching off partially, in the range of dO to 80 percent titanium, deposited using coUimated r.f. sputtering to a 

of the top portion of said barrier layer mat overhangs thickness between about 10 to 40 ran. 



08/10/2004 



15:39 



WMA -> 17033054257 



NO. 419 



D19 



5,654,233 



11, The method of claim L, wherein said metal fill layer 
is tungsten, deposited using LPCVD processing at a tem- 
perature between about 300 to 500 deg. C, to a thickness 
between about 200 to 800 nm using tungsten hexafluoxide, 
hydrogen and silane and argon or helium as earner gas. 

11 A method fox fabrication of MOSFET and CMOS 
devices on a sennconducDor substrata using a tungsten filled 
contact hole to provide electrical contact between an under- 
lying conductive region on said semiconductor substrate and 
overlying interconnect metallization structure, comprising 
the steps of: 

providing said underlying conductive region on said serai- 

conductor substrate; 
depositing a dielectric layer on a semiconductor substrate, 

including deposition on a underlying conductive 

region; 

anisotropic etching of said dielectric layer in sub-half- 
micron diameter hole, defined by a photolithographic 
process to form a sutt-fctf-rmcroa contact hob to said 
underlying conductive region; ^ 

depositing a titanium layer on the surface of diameter 
contact hole and on the top surface of said underlying 

" r^ndD^ve r^ 

depositing a first collimatcd titanlnm nitride barrier layer 
on said titanium layer, 



8 



processing at a tcrnperature between about 200 to 400 deg. 
C to a total uniform thickness between about 40 to 140 nm 
over the partially etched and thinned down first barrier layer. 

17. lite method of claim 12, wherein said Underlying 
s conductive region on said semiconductor substrate Is a 

N-t ype, h eavily doped source and drain region of said 
MOSFET and CMOS devices, 

18. The method of claim 12, wherein said underlying 
conductive region on said semiconductor susbstrate is a 

10 p-type heavily doped source and drain region of said MOS- 
FET and CMOS devices, 

19. The method of claim 12, wherein said underlying 
conductive region on said semiconductor substrate is a 
poly silicon gate structure of said MOSFET and CMOS 
devices. 

20. The method of daim 12* wherein said silicon oxide 
dielectric layer is deposited using cither LPCVD, PECVD or 
APCVD processing at a temperature between about 400 to 
800 deg. C to a thickness between about 500 to 1000 nm 

2L The method of claim 12, wherein said suWhalf-imoon 
diameter contact hole is created using anisotropic reactive 
ion ctdim^fia^ pro^ 

oxygen and nitrogen etcnant atonic, with said sub-half- 
micron contact holes being formed with openings about 025 



15 



JZTI nr!T «t no* * 25 to 08 m * ****** siting in aspect ratios between 

reactive ion etching to remove 60 to BOfc of said first 2 to 3 r 

tiiaiiium nitride flayer; which overhangs and #c4tud* ^ roethod of claim U wherein said tungsten fill is 

over the rim surface of said sub-half-micron contact deposited using LPCVD processing at a teWrature 

hok and reduces the top diameter of said hole opening between about 300 to 500 deg. C. to a thickness between 

without etching off said first titanium nitride barrier 90 RD0Ut 200 to 800 nm using tungsten texafludrde, hydronen 

layer n the bottom and the lower portion of the ^ ^ ^ JZLm Is c^^i^Z™ 

sub-half-rmcron contact holes by varying the etchants between L0 to 10 ton; 

compositions duriug the etching procesa; 23. A method tor formicating MOSFET and CMOS 

depositing a second coBimated titanium nitride barrier devices on a semiconductor substrate to fill contact holes 

layer over said partially etched and thinned down first 35 and to provide electrical contacts between an underlying 

titanium ntfride harrier layer around the upper portion conductive region on said semiconductor substrate and 

of said stto-natf-micron contact botes and over the overlying interconnect metallization structures, <»nmrisinn 

unetched first titarulimruioride layer ia the lower portion the steps of; 

fj^TSl!^' ? * Priding ^naa^yingconductrveregiou on said semi, 

layer with disnipted cohurmsr cr^ conductor subsume- 
and in the lining of add contact hole to prevent metal 
penetration during subsequent metal contact process- 
ing; and 

depositing a tungsten fill layer on said uniform titanium 

nitride barrier layer forming a metal plug in said 45 
subrhalf-micxon contact hole by completely filling said 



hole with tungsten fill layer. 

13. The method of claim. 12, wherein said titanium layer 
Is deposited using ccOlimatod rf. sputtering to a trudmess 
between about 10 to 40 run, 

14* The method of claim 12, wherein said first titanium 
nitride harrier layer is deposited over said titanium layer 
using physical vapor deposition at a temperajure between 
about 200 to 400 deg. C to a thickness between about 30 to 
140 nm. 

IS. The method of claim 12, wherein said first titanium 
nitride barrier layer which protrudes and overhangs around 
the top rim and upper portion of said sub-lialf-micron 
contact holes Is removed using a multi-step reactive ton 
etching process with mixtures of etchants composed of 
BCt), chlorine, and nitrogen at a temperature about between 
20 and 200 deg, C. under pressure of about 30 to 300 rotorr 
and in timed etched mode to remove about 60 to 80 percent 
of tha top layer of the said first titanium nitride barrier layer, 
without affecting the underlying titanium layer. 

14L Hie method of claim 12, wherein said second colli- 
matcd titanium nluide barrier layer Is deposited using PVD 



50 



55 



60 



65 



depositing a dielectric layer on said semiconductor 
substrates including deposition on said Underlying con- 
ductive region; 
photolithographic processing to open holes of sub-half- 
micron in dimension In a photoresist layer, exposing 
said underlying dielectric layer, directly over an area of 
said underlying conductive region; 
anisotropic etching of said dielectric layer in said sub- 
hntf-micron holes, in said photoresist layer to form 
sub-half -micron contact holes to said underlying con- 
ductive region; 
depositing a titanium layer on the surface of said dielec- 
tric layer, on the wall of said fiub-half-nncroo contact 
hole and on the top surface of said underlying conduce 
Uve region in said sub-half -micron contact hole; 
depositing a first layer of metal nitride barrier layer on 
said titanium layer, wherein said metal nitride is 
selected from die group consisting of Ta nitride, W 
nitride, Cr nitride and Mo nitride; 
reactive ion etching to remove 60 to 80% of said first 
meta) nitride layer which overhangs and protrudes over 
the rim surface of said small sub-half- micron contact 
hole and reduces the top diameter of said hole without 
etching elf this first metal nitride barrier layer in the 
bottom and the lower portion of the sub^hauT-micron 
contact holes by varying the compositions of the reao- 
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tive Ion ctchants doxing the etching process*, surface completely filling said sub-half- micron contact hah 

cleaning of said aob-half-microD contact holes; with said metal fill layer r 

depositing a second layer of said metal nitride barrier & The method of claim 24, wherein said underlying 

Layer over said partially etched and thinned down said conductive region on said semiccmdactcr sutafnte Is a 

fust raetal nitride layer around the upper portion of said 5 N-type, heavily doped source and drain region of a aid 

sub-half-micron contact holes and over the on etched MOSFET and CMOS devices. 

first said metal layer in the lower portion of said 26, The method of claim 24, wherein said underlying 

sub-half-roicron contact hole, to create a uniform bar- conductive region on said semiconductor substrate is a 

risr layer with disrupted columnar grains over the p*type, beavEy doped source and drain region of said 

surface and in the lining <rf aid sub-holf-micron con- w MOSFKr and CMOS devices. 

tact bole to prevent metal penetration during snbse- ^ -j^e method of claim 24, wherein said underlying 

duett metal contact processing; and conductive region, on said semiconductor substrate, is me 

depositing a metal tm layer, using * metal selected from poiysJUooa gate structure of a said MOSFET and CMOS 

the group consisting of Ta f Cr, and Mo, on said metal device. 

ntodd£ barrier layer forming said metal ping in said 15 2BL The method claim 24, wherein said dielectric layer is 

srir>ha*mlcron contact bole by completely filling said m(xm uriBg chfimkal ^ 

bob with tnetal mllayeT. . processing selected from the group consisting of low pres- 

24. A method for fabricating MOSFET and CMOS ture cheqrtkal Vapor Dentition (LPCVD). plasma enchan- 

advices on a serrn^uctor^substrate^ amdalfUkd depoitton (PECVT>) and atm^erk 

eootact hole to provide electrical contact between an under- 20 

lymtreoi^cirvwM^ «S^.*«!S^ 

ing the steps of; sboirt 500 to 1000 nm, 

* .^JL * A „ j^ju^ AAnHnnfftrN — *i rt « «m mm i 29. The method of claim 24, wherein said small diameter 

^^^„^r e ^ 25 contactholeis created using ards^c reactive ion etching 

coa^ctorsabOT (RIB) F oce^g using CHP 3) CP 4 , C,F 6 . Cf» oxygen, and 

depositing a dielectric layer on said semiconductor nitrogen etofiant mkwrc, with saidlmaU olsme^ contact 



substrate, including deposition on said underlying con- h<to bcing ^ ^ abfiUt 035 to 0.8 uM in 

ductivc region; diameter, resulting in an aspect ratio between about 1 to 3. 

photolithographic processing to open eub-half-micron so 30, The method of claim 24 wherein said first titanium 

holes in a photoresist layer, exposing said underlying nitride banter layer iff deposited using physical vapor depo« 

dielectric layer, directly over an area of saidvmderrying sition process at a ternrrtrornre between about 200 to 400 

conductive region; deg. C to a thickness between about 30 to 140 nm 

aniso tropic etching of said dielectric layer in said sub- 31. The method of claim 24, wherein said first deposited 

half-micran holes, in said photoresist layer to form 35 barrier layer which protrudes and overhangs around the top 

sub-half-micron contact holes to said underlying con- rim and upper portion of the sub-hafrmicron contact hole is 

ductive region; etched off using a mold-step reactive ion etching with 

d cposidog a tot barrier layer over the said dielectric layer inixmres of etchaats composed of BO, and Cl^ at a ten> 

and over said underlying conductive regions in said perature about between 20 and 200 deg. C under the 

sub-half-micron contact holes; 40 pressure range between 30 to 300 mUm and time etched to 

dry etching to remove the top portion of said first barrier * * ^ 

layer which cvemairgs and motrudes over the rim of portioo of the rab-haIf-n*7on contact hole without affecting 

S^^SSiX^SS and recces me — « \f TL^f**^ 

top openinn diameter of said contact hole by varying A< around the lower porbon of me wall and bottom of said 

£ S optica of the etcbantlme timf of 45 t^^T^ * - « ^ 

etching and e^nTon me surface oxide without , J^S^ 

atfectine the intemty of the thin barrier layer lining the la 5 r " ls ™' deposited uaing ^processing at a tempera- 

f . * ww,* • , uniform thickness in the contact hole between about 30 to 

surface cleaning of said sub-half-micron contact holes; so 140 ma 

depositing a second layer of barrier layer over said first 33. The method of claim 24, wherein said metal flfl layer 
barrier layer which has been thinned down and i B tungsten, deposited using LPCVD processing at a tern- 

planarized, and over the first barrier layer Hirin g (he perature between about 300 to 500 deg. C, to a thickness 

Iowa wall and bottom of said sub-half-micron contact between about 200 to 800 am using tungsten hexafluoride, 

holes; and 55 hydrogen, silane and argon or heJinm. 

depositing a metal fill layer on said barrier layer, forming 

a metal ping in said sub-half-mtcxon contact bole by * * * * * 



